Volume 22
Issue 2 Spring 1982
Spring 1982

National Goals for Solar Energy: Economic and Social
Implications
Roger H. Bezdek
Robert Wendling
Gerald E. Bennington
H. Richard Chew

Recommended Citation
Roger H. Bezdek, Robert Wendling, Gerald E. Bennington & H. R. Chew, National Goals for Solar Energy:
Economic and Social Implications, 22 Nat. Resources J. 337 (1982).
Available at: https://digitalrepository.unm.edu/nrj/vol22/iss2/4

This Article is brought to you for free and open access by the Law Journals at UNM Digital Repository. It has been
accepted for inclusion in Natural Resources Journal by an authorized editor of UNM Digital Repository. For more
information, please contact amywinter@unm.edu, lsloane@salud.unm.edu, sarahrk@unm.edu.

Roger H. Bezdek,* Robert Wendling,** Gerald E. Bennington,***
and H. Richard Chew****

National Goals for Solar Energy:
Economic and Social Implications
I. INTRODUCTION
International and domestic events have highlighted the serious need in
the United States for environmentally sound energy resources within our
own national control. Solar energy is one of these, and it has the additional
advantage of providing a hedge against substantial increases in fossil fuel
prices. However, rapid solar energy development will involve considerable expense, institutional change, and public understanding and acceptance.
There appear to be no serious technological barriers to the orderly
development of many solar thermal applications.' There are problems
with the development of others; these problems have often been understated. While many analysts have stressed the benefits of achieving ambitious solar goals over the next two decades, the economic and social
costs of such a massive program have not always been fully appreciated. 2
President Carter's Domestic Policy Review of solar energy included the
estimate that solar energy could provide as much as 20 percent of this
nation's energy requirement in 20 years. 3 The Reagan Administration has
set no specific goal for solar energy development and prefers to let the4
marketplace decide what level of solar market penetration is feasible.
*U.S. Department of the Treasury, Washington, D.C. 20220. This research was conducted while
Dr. Bezdek was with the U.S. Department of Energy.
**U.S. Department of Energy, Washington, D.C. 20545.
***Bennington Enterprises, Inc., Vienna, VA 22180.
****Attorney at Law, Arlington, VA 22201.
1. An analysis of the economics of available solar thermal applications is contained in Bezdek,
Hirshberg, and Babcock, Economic Feasibility of Solar Water and Space Heating, 203 SCIENCE
1214 (1979).
2. See, e.g., the discussions in Hays, Short Term Solar Prospects, in ENERGY CONSERVATION AND PUBLIC POLICY (J. Sawhill ed. 1979); Maidique, Clearing a Path to Solar America,
in U.S. DEPT. OF ENERGY, THE ENERGY CONSUMER (1979); SOLAR LOBBY, BLUEPRINT
FOR A SOLAR AMERICA (1979); ENERGY FUTURE-THE REPORT OF THE HARVARD
BUSINESS SCHOOL ENERGY PROJECT (R. Stobaugh and D. Yergin, eds. 1980).
3. See: Solar Energy, Message to the Congress, 15 WEEKLY COMP. PRES. DOC. 1097-1107
(June 25, 1979); Office of the White House Press Secretary, "Fact Sheet: The President's Message
on Solar Energy," (June 20, 1979); and Solar Energy Remarks Announcing Administration Proposals,
15 WEEKLY COMP. PRES. DOC. 1095-96, (June 25, 1979).
4. This position was stated concisely by Secretary of Energy James Edwards in an interview on
the MacNeil-Lehrer Report on February 24, 1981: "Well, we feel that the marketplacemost of these
technologies in solar are proven technologies, and we feel that the marketplacethe private sector, if
you wouldif it pays they'll move in and buy solar energy. But these are proven technologies, and
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Nevertheless, to achieve 20 percent in that time frame may require a level
of commitment without peacetime precedent in American history.'
There are legal and financial barriers in land and building-use planning
which must be overcome if solar is to enjoy anything like the growth
implied in a 20 percent projection. For instance, achieving a 20 percent
goal would mean that every second residential and commercial building
in the country would utilize some sort of solar installation. It is doubtful
if that many buildings could be gotten out of the shade. 6 Solar, especially
passive, implies space. The economically disadvantaged will have to settle
for the indirect advantages of the use of solar energy.'
Our focus here is primarily on the purely economic aspects of solar
energy goals. The purpose of this paper is to analyze the likely costs and
benefits of providing 20 percent of U.S. energy requirements from solar
energy by the year 2000. The implications are detailed for specific solar
energy technologies and market sectors of the economy.
II. THE WHITE HOUSE DOMESTIC POLICY REVIEW (DPR)
OF SOLAR ENERGY
The key findings of the DPR were that solar energy has great potential
as a U.S. energy source, that it has significant advantages (such as its
contribution to environmental quality and oil-import replacement) over
other energy sources, and that a significant role could be played by solar
energy by the year 2000. President Carter set a national goal for solar
energy, saying that the Nation should commit to a goal of meeting onefifth-20 percent-of our energy needs with solar and other renewable
resources by the end of this century. "This will require that all of us
examine carefully the potential solar and renewable technologies hold for
our country and invest in these systems wherever we can."'
Achieving a 20 percent contribution by solar energy to the Nation's
energy supply by the end of this century would provide both a challenge
and an opportunity. The challenge is to marshal the public and private
commitments to undertake a major shift in the Nation's energy supply
this administration feels that they have an obligation to develop the technologies in conservation
and energy production, but once these technologies are developed and put on the shelf, we should
take them and commercialize them. We don't think that the federal government should be in the
commercialization of alternate energy" (transcript, pp. 4-5). See also, U.S. DEPT. OF ENERGY,
SECURING AMERICA'S ENERGY FUTURE, THE NATIONAL ENERGY POLICY PLAN 1

(1981).
5. See G. Bennington et al., Toward a National Plan for the Accelerated Commercialization of
Solar Energy: The Implications of a National Commitment (1980) (MTR-79W00004, The Mitre
Corp., McLean VA).
6. See T. N. VEZIROGLU, ed., SOLAR COOLING AND HEATING; ARCHITECTURAL,
ENGINEERING, AND LEGAL ASPECTS (1978).
7. For a more detailed discussion of these issues, see H. CHEW, SOLAR LAW (1979).
8. See note 3, supra.
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and usage patterns. The opportunity is to increase personal control of the
availability and type of energy used, to decentralize the production of
energy, with the potential for improved stability and energy management,
to develop a vigorous domestic solar energy industry, and to use effectively domestic renewable resources to diversify U.S. energy consumption.
The establishment of this solar energy goal gave recognition to a major
role for solar energy in U.S. energy policy. Although the budget for solar
energy research, development and commercialization has increased, from
the National Science Foundation's program of $10 million in 1973 to
nearly $1 billion in 198 1,' there have been widely divergent estimates of
the contribution of solar energy during this century.'"
At present, solar energy supplies roughly six percent of the Nation's
energy. " This contribution is provided almost entirely through the use of
hydroelectric power to generate electricity and the burning of wood in
the forestry and wood products industries (neither is an industry commonly thought of as "solar"). To achieve the 20 percent goal, it will be
necessary to increase this contribution by a factor of four. Resultant
displacement of 14 quadrillion BTU (quads) equivalent of fossil fuels by
solar energy will roughly equal the net U.S. growth in energy requirements
over the same period. Even assuming a successful conservation effort in
buildings, industry, and transportation, the total demand for energy is
expected to increase from its current level of approximately 79 quads in
1980 to at least 95 quads in the year 2000.12 Since the intent is to
simultaneously displace oil imports, it will be necessary to continue the
development of other U.S. domestic energy sources: coal, oil, gas, geothermal and nuclear.
Achieving these goals will require a major national commitment to
resolve the obstacles hindering the development of solar technologies.
These obstacles include the unavailability of reliable solar equipment for
some technologies, 3 high capital costs,' 4 existing legal and institutional
barriers, the absence of a market infrastructure and manufacturing capacity, and a lack of public knowledge of and confidence in solar energy
technologies. "
9. The FY 1982 and out year federal budgets for solar energy have been substantially reduced
by the Reagan Administration.
10. See notes 2 and 5 supra, and U.S. DEPT. OF ENERGY, ENERGY PROJECTIONS TO THE
YEAR 2000 (July 1981).
1I. SECURING AMERICA'S ENERGY FUTURE, THE NATIONAL ENERGY POLICY PLAN
(1981).
12. G. Bennington, supra note 5.
13. See Nevin, Solar Technology, in LEGAL ASPECTS OF SOLAR ENERGY (J. Minan and
W. Lawrence, eds., 1981).
14. Bezdek, Hirschberg, and Babcock, supra note 1.
15. Lawrence and Minan, Product Standards and Solar Energy, and The Limited Role of Warranties in LEGAL ASPECTS OF SOLAR ENERGY, supra note 13.
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The primary actions required to promote accelerated development of
solar technologies include strong commitments to research, development
and technology transfer, financial incentives, and implementation of institutional programs. Research, development and technology transfer programs can help underwrite front-end, high risk costs and lower the perceived
risks to solar manufacturers by signaling a federal commitment to the
development and use of solar technology. Risk to consumers is reduced
by demonstration programs which demonstrate the technological feasibility, reliability, and cost effectiveness of technologies. 6
Financial incentives help underwrite the risk assumed by the private
sector in investing in a new technology, and they provide the difference
between the public value and the private value of the activity to society.
They can help provide parity in the subsidies for solar technology in
relation to the level of subsidies provided in the past to conventional
energy sources, or market parity at levels sufficient to make solar energy
competitive with conventional fuels today.' 7 Financial incentives can also
provide a national impetus to remove or accelerate the removal of institutional barriers that may hinder the use of solar technologies.
Where the economic impetus provided by financial incentives is not
sufficient to overcome institutional barriers, programs supported by the
government may assist in their removal. Such programs help disseminate
timely information to participants in the solar technology transfer process
(e.g. architects, builders, consumers, and bankers) and can catalyze the
solar energy infrastructure to reduce the amount of time ordinarily required
for full acceptance of a new technology.
This is a key point. Historically, even cost competitive energy technologies have taken 20 to 30 years to achieve a 20 percent market share
in the energy sectors. Here, we are talking about solar energy technologies, most of which are not presently cost competitive, achieving a
similar market share in less than 20 years. Below, we discuss the economic
and social implications and impacts of various scenarios required to achieve
a solar energy contribution of 20 percent by the year 2000.
III. BASE CASE ASSUMPTIONS
Projections of energy futures are always based implicitly or explicitly
on underlying assumptions about the economy in general, about societal
16. See Bezdek and Cambel, The Solar Energy/Public Utility Interface, 6 ENERGY-THE INTL.
J. 479-84 (1981), and Bezdek, Options for Incentives to Accelerate Commercialization of Solar
Energy, in SOLAR HEATING AND COOLING: ARCHITECTURAL, ENGINEERING AND LEGAL ASPECTS 967-87 (N. Veziroglu, ed., 1978).
17. Conventional energy sources-nuclear, coal, oil, and gas-have benefitted from a wide variety
of federal energy subsidies. Over the past 30 years, federal incentives used to stimulate energy
production have totalled over $300 billion to conventional energy sources: see Bezdek and Cone,
Federal Incentives for Energy Development, 5 ENERGY-THE INT'L J..389-406 (1980), and B.
Cone, An Analysis of Federal Incentives Used to Stimulate Energy Production (Dec., 1978) (Battelle
Memorial Institute Pacific Northwest Laboratory PNL-2410 REVO).
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attitudes, and about U.S. energy policy. The premises upon which our
scenarios are based represent our perceptions of the likely energy future. "
In our base case, we assume that the current U.S. population of.220
million persons will increase to approximately 265 million by the year
2000. This represents a decrease in the annual growth rate from the current
0.9 percent to less than 0.7 percent by the turn of the century. The gross
national product is expected to grow from the current level of about $2.3
trillion (1976 dollars) to $3.6 trillion (1976 dollars) by the year 2000. In
the 1965-73 period (the eight-year period prior to the 1973-74 oil embargo) the real growth of the economy averaged 3.7 percent. This rate
of economic growth is expected to decrease to 2.1 percent by 2000,
largely because of lower population growth, higher energy costs, the
increasing costs of environmental protection, and lower rates of productivity increases. The relatively high inflation rates experienced over the
past decade are assumed here to stabilize to approximately five percent
during the 1980s and continue to average that rate to the year 2000.
Societal attitudes will continue to emphasize an awareness of the problems
of environmental pollution, and interest in energy conservation will increase slowly but steadily with higher energy costs, resulting largely from
deregulation of energy prices.' 9 However, we do not assume that there
will be any major shifts in lifestyles over the next two decades.
The federal government is assumed to pursue with slowly increasing
success a program of reducing oil imports and encouraging energy conservation. Deregulation of oil products occurred in 1981, and deregulation
of natural gas prices is expected to continue, at an accelerated pace through
1985.20 The use of nuclear power plants is expected to increase slowly,
and we assume federal policy will continue to encourage the use of coal
wherever possible. We assume that there will be continued pressure to
enforce compliance with existing environmental policies at a rate compatible with economic growth.
New energy technologies which generate "cleaner" energy more efficiently and which utilize wide resource bases will continue to be developed by both the government and private industry. These technologies
include more efficient burners for oil and gas, electric and gas heat pumps,
solar and wind-energy conversion systems, more efficient methods of
generating electricity and burning high-sulfur coal without degrading the
environment, coal gasification and liquifaction, the use of shale oil, and
18. These scenarios are detailed in G. Bennington, supra note 5, and K. Rebibo, Toward a
National Plan for the Commercialization of Solar Energy-Price/Demand Scenarios and Projections
of Solar Utilization (MTR-8057, The Mitre Corp., McLean, VA). All dollar figures are in constant
1976 dollars.
19. These assumptions are in accordance with the Reagan Administration's energy plan; see U.S.
DEPT. OF ENERGY, SECURING AMERICA'S ENERGY FUTURE, supra note 4.
20. President Reagan deregulated oil prices in January 1981; price controls on natural gas are
being phased out and most will expire in 1985.
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geothermal energy. We assume that, as new technologies become economically competitive, they will be developed and marketed by industry
at a rate consistent with historical experiences in technology innovation
and diffusion. It is further assumed that the major non-financial barriers
to solar energy commercialization will be overcome through normal market forces. 2'
One of the primary factors that affect estimates of the future market
acceptance of solar technologies is the size of the potential markets and
the mix of competing fuels. We assume that the overall demand for energy
will increase at a moderate rate, with coal and nuclear energy substituting,
in ever greater amounts, for oil and natural gas. In addition, we assume
an increased reliance on renewable energy resources such as biomass,
hydro, solar, wind, and geothermal. The changing mix in energy fuels
is illustrated in Figure 1.
Energy consumption is expected to be inversely proportional to fuel
prices, and is projected to reach 95 quads by the year 2000. Higher fuel
prices result in decreasing demand for energy per capita and per dollar
of GNP as energy efficiency increases in all sectors of the economy. With
complete deregulation of all fuels end use energy prices per BTU will be
approximately equal, so in our scenario, fuel prices are keyed to the price
of oil. United States oil consumption, currently at about 37 quads, is
expected to decline by 2000 to 29 quads due to price induced substitution.
Even though the total consumption of oil is expected to decrease, oil
imports are expected to remain at about current levels, about 17 quads.
Analysis of energy consumption by market sector, as illustrated in
Figure 2, indicates that the greatest growth is expected in the industrial
sector. Industry is expected to respond to higher energy prices by implementing conservation measures and by increasing energy efficiency, resulting in interfuel substitution away from natural gas and fuel oil. The
reduced rate of population growth, in addition to energy conservation,
will contribute to the dramatic decrease in the growth rate of energy use
in the next two decades in the residential, commercial and transportation
sectors.
All major current sources of energy are assumed to increase in real
price over the period. It is assumed that natural gas and coal prices will
rise roughly in proportion to the price of oil-as indicated in Figure 3.
Natural gas prices are assumed to rise rapidly over the period equaling
(per billion BTU) those of oil by the mid 1980s, whereas coal prices are
expected to escalate at a somewhat lower rate. Fuel prices will rise rapidly
between now and 1985 because of the deregulation of natural gas and
oil, although not as rapidly as in the period immediately following the
21. U.S. DEPT. OF ENERGY, supra note 4.
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TABLE 1

Annual Growth Rates for Energy Prices
(percent per year)
1965-1973

1973-1978

1978-1985

1985-2000

Electricity
Gas

(3.6)
(1.5)

3.3
11.8

1.5
7.4

1.5
3.1

Oil*

(0.4)

12.5

6.3

2.5

Coal

4.2

13.7

5.7

1.5

*Growth rates on oil given for wellhead prices

1973/74 oil embargo. We assume that the rate of escalation of energy
prices will slow down somewhat after 1985, as indicated in Table 1.
Electricity prices are expected to continue to rise at an annual real growth
rate of about 1.5 percent. This corresponds closely to the rise in the price
of coal after 1985.
An oil price of $40 per barrel (1976 $) in the year 2000 is that delivered
to industry; 22 the corresponding world oil price is assumed to be around
$35 per barrel, a conservative estimate. Following deregulation, the world
price and the domestic wellhead price of natural gas is assumed to be
approximately the same.
Fossil fuel supply prices are indicated in Table 2, along with the assumptions of price markups in each market sector. The prices of coal,
natural gas, and oil, as delivered to utilities and industries, reflect the
new contract or marginal price rather than the average price. New contract
prices have been used here because this is the price against which solar
energy technologies must compete. For example, if a company is building
a new facility and it is considering solar versus coal as the primary fuel,
it is assumed that a new coal contract will be necessary if a coal-fired
TABLE 2

Fossil Fuel Supply Prices and Sector Mark-ups in 2000
(1976 $/MMBtu)
Fuel

Supply
Price'

Refining
Efficiency

Resid.

Oil
Gas
Coal

3.41
3.49
1.25

0.92
0.92
0.995

1.84
1.34
-

Average Markups
Comm.
Indus.
1.22
0.76
-

'Oil and gas prices are at the wellhead and coal is at the minemouth.

22. All prices and dollar figures quoted here are in constant 1976 dollars.

0.77
0.58
1.25

Utility
0.70
0.64
0.38
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boiler is used. Therefore, economic comparison of the two systems would
be based on the new contract price of coal.
In addition to sectoral differences, fuel prices also vary by region of
the country. Regional solar market penetration analyses have been computed for each of the Census Bureau regions. 23 The regional price variations (but not the actual prices) were taken from the
projection of the
24
American Gas Association's demand/market model.

IV. NATIONAL IMPACTS
Three different levels of solar energy market penetration were analyzed.
Levels I, 1I, and III would contribute respectively 19, 23, and 26 quads
per year by the year 2000. The national impacts of the widespread use
of solar energy technology were analyzed in terms of energy displacement,
capital investment, solar energy development, and environmental and
health effects. These impacts were analyzed as a continuum of increasing
solar energy use. This approach permitted the use of the analysis to derive
the impacts of any level of market penetration as well as for differing
expectations as to the level of market penetration for a given scenario.
In determining impacts, a series of models and analyses were used,
and price/demand scenarios were developed in conjunction with the Domestic Policy Review, using the "Project Independence Evaluation System (PIES)" and "Fossil One" models. 25 These estimates were then used
as input to the "System for Projecting Utilization of Renewable Resources
(SPURR)," developed by the MITRE Corporation. 26 Output from SPURR
included solar market penetration, gross capital, labor requirements, and
estimates of sector disaggregation of fuels displaced. Using these estimates, net environmental residuals and net economic effects were derived
using the "Strategic Environmental Assessment System (SEAS)" developed by Resources For the Future.27 The "BENEFITS" model, developed
23. These regional analyses are presented in G. Bennington, Accelerating the Commercialization
of Solar Energy: The Role of State and Local Governments (1.979) (MTR-79-WO0182, The Mitre
Corp., McLean, VA) and G. Miller, Toward a National Plan for Accelerated Commercialization of
Solar Energy: Guidelines for Regional Planning (1980) (MTR-79-W00385, The Mitre Corp., McLean,

VA).
24. See Rebibo, supra note 18.
25. Id.
26. G. Bennington, K. Rebibo, P. Curto, F. Spewak, and R. Vitray, a System for Projecting the
Utilization of Renewable Resources-SPURR Methodology (October 1974) (MTR-7570, The Mitre
Corp., McLean, VA).
27. See U.S. DEPT. OF ENERGY, USERS MANUAL FOR THE STRATEGIC ENVIRONMENTAL SYSTEM (SEAS) (1977); and J. Conopask, An Estimate of Reduced Pollution Control
Costs from Accelerated Solar Commercialization (1979) (The Mitre Corp., McLean, VA).
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TABLE 3
Annual Energy Savings by Market Sector and Technology in the Year 2000
(Quads of Primary Fuel Displaced)
Reference
Case
Sector
Demand
Sector
(Quads r'ear')
Technology
Residential
20.3
Thermal
Passive
Wind
Photovoltaics
WoodStoves
Commercial
18.0
Thermal
Passive
Wind
Photovoltaics

Industrial

55.0

SolarThermal
Biomass'

Quads
I.I
0.2
0.3
0.2
0,6
0,7
n
*

Electric
Utility

Synthetic
Fuels and
Chemicals

49.0

4.4

% of
% of
Total
Total
Solar Quads Solar
7.5
1.5
8.0
1.4
0.3
1.6
2.0
0.4
2.1
1.4
0.3
1.6
4.1
0.7
3.7
4.8
0.8
4.3

15.0
15.0

0.1

0.7

Quads
1.8
0.3
0.5
0.3
0.8
0.9

% of Total
Solar
8.0
13
2.2
1.3
3.6
4.0

-

-

2.2
2.2

Photovoltaics

Wind
Solar ThermalElectric
Solar TotalEnergySystems
Small-Scale Hydroelectric
Wind
SolarThermal
Photovoltaics
OceanThermal
Biomass
Electric
Hydroelectric'
Wood
Animal Waste

Level of Commercialization
19QuadstYr
22 QuadslYr
Scenario
Scenario

-

26 Quads/Yr
Scenario

Quads
2.3
0.4
0.6
0.4
0.9
1.0

%of total
Solar
8.8
15
2.3
1.5
3.5
3.8

0.1

0.4

2.5
3.2

13.3
17.0

3.2
3.7

14.2
16.4

4.0
4.0

15.4
15.4

0.1

0.5

0.1

0.4

0.1

0.4

0. I
0.3
2.5
2.0
0.5
0.3
0.2
4.0
0.7
0.3

0.4
1.3
11.1
8.9
2.2
1.3
0.9
17.8
3.1
13

0.2
0.4
2.8
2.2
0.6
0,4
0.3
4.2
0.8
0.3

0.8
1.5
10.8
8.5
2.3
1.5
1.2
16.7
3.8
1.2

---

0.2
1.3
1.0
n

0.1
3.8
0.5
0.2

1.4
8.8
6.8
0.7
25.9
3.4
1.4

-

0. I
0.2
2.0
1.6
0.3
0.2
0.1
3.9
0.4
0.2

0.5
I.I
10.6
8.5
1.6
1.1
0.5
20.7
2,1
I.I

Totaln
14.7
(13)
18.8
(16)
22.5
(20)
26.0
(23)
Incremental over reference
case
0
4.2
7.9
11.4
Incremental over currentlevel
9.8
13.9
17.6
21.1I
'Includesfossil fuel equivalentof enduse electricity demandas well asdemandof energyforgeneration.
Thus.thereis doubleaccounting
of intermediate
fuelsandenergyproduced
fromthosefuels.Actualgrossdemandis 115quads.
'Includescurrentuseof 0.3 quadsof biomass in the residentialsectorand 1.6 quadsin the industrialsector.
Includes3.0quadscurrentuse.
-Less than0. 1quads.
represent
percentof projectednationalgrossenergydemand,
*Numbers in parenthesis

by Richter and Watson, was then utilized to estimate health and environmental impacts.28
The estimated solar energy utilization in 2000 by market sector and
technology is given in Table 3, for the base case and the accelerated
levels of commercialization analyzed here. The mix of solar technologies
and the relative proportion of solar energy in each market sector do not
change dramatically as solar energy utilization is increased. Hydroelectric
capacity does not grow as fast as the other solar technologies because
resource limitations for large-scale hydroelectric power increase slightly
faster than average, as the potential market is large and utilities are limited
28. R. RIDKER & W. WATSON, TO CHOOSE A FUTURE: RESOURCE AND ENVIRONMENTAL PROBLEMS OFTHE U.S., A LONG-TERM GLOBAL OUTLOOK (1978), and Ridker,
Watson, and Shapsanka, Economics, Energy, and Environmental Consequences ofAlternative Energy
Regimes: An Application of the RFF-SEAS Modeling System (RFF Research Paper R-5) in MODELING ENERGY-ECONOMIC INTERACTIONS: FIVE APPROACHES (C. Hitch, ed., 1977).
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in choosing sites to disperse markets with a system that must be placed
on site. Technology mixes tend to remain the same because, it is assumed,
the financial incentives for market acceleration treat solar technologies
relatively uniformly. If other mechanisms, such as government purchases
or assistance to manufacturers or financial incentives for technology, are
employed then the technology mixes will show greater diversion in the
acceleration scenarios. Except for biomass, solar technologies require
higher initial capital investment per unit of energy produced than do
alternative, conventional energy sources. The total amount of private and
federal expenditures required by 2000 increases rapidly with the accelerated commercialization scenario, from $450 billion when solar is contributing 14 quads to over $1.2 trillion when solar is contributing 26
quads.
The average, over the next 20 years of private and federal expenditures,
amounts to between $36 billion and $90 billion per quad of solar energy.
Overall, expenditures for quad increases will increase with the level of
commercialization because of the increase in costs included in accelerated
market penetration. However, several technologies, notably commercial
active thermal systems and industrial thermal process heat systems, show
explicit decreasing costs with greater market penetration. In these latter
cases the production costs per system decrease with technological experience, resulting in lower required expenditures.
Projected federal costs required to achieve the base case and the three
accelerated levels of commercialization are illustrated in Figure 4. Cost
levels for these cases include revenues lost to tax credits as well as onbudget items, off-budget items, demonstration programs, and for the
continued funding for hydroelectric power plant construction, operation,
regulation, tax exemption, and low interest loan programs.
The base case cost estimates are, for several reasons, optimistic. Current RD&D programs are planned and funded based on the assumption
that technological breakthroughs, developmental innovations and successful demonstrations occur in such a way that technologies are commercially available and economically competitive on schedule. Also, it
is assumed that the information exchange and dissemination programs
will effectively reach all of the required decision makers; legal and institutional barriers will be removed; industry will be willing and able to
produce and market solar systems at the required rate; and that private
industry will make major investments in solar systems for residences,
commercial buildings, factories, and utilities.
Projected federal solar incentives range from $. 19 per million BTUs
in the base case to $1.40 per million BTUs for the highest level of
commercialization, as shown in Figure 5. Average historical federal energy incentives have ranged from $.05 per million BTUs for natural gas

NATURAL RESOURCES JOURNAL

[Vol. 22

0o
1975

1980

1985

1990

1995

FIGURE 4
Annual Federal Cost to Accelerate
the Commercialization of Solar Energy

NATIONAL GOALS FOR SOLAR ENERGY

April 1982]

(1980 to 2000)

(1950-1977)

1.47
1.2
-.

-.

@4

S1.0

.2

.4

--

S

~m

FIGURE 5
Comparison of Projected Federal Solar Incentives (to 2000) per MMBTU of
Annual Energy Savings to Average Historical Federal Incentives Per MMBTU
of Annual Energy Produced.
to $1.90 per million BTUs for nuclear energy.29 The comparison of the
required solar subsidies with historical energy subsidies is not precise
due to the variation in types of subsidy and state of technology development.30 Solar technologies will not produce substantial amounts of
energy until the end of the century; nonetheless they require large initial
capital expenditures. The conventional technologies with which solar is
compared, except for nuclear energy, are producing energy at fully developed levels.
Subsidies for nondefense nuclear energy, which currently represents
50 GWe of capacity satisfying 3 quads per year of demand totaled $19
billion between 1950 and 1977 for liability insurance, research and de29. These subsidy issues are discussed in detail in Bezdek and Cone, Federal Incentives for
Energy Development, 5 ENERGY-THE INT'L. J. 380 (1980); B. Cone, Long-Term Parity Consideration Based on an Analysis of Incentives to Energy Production (1978) (Battelle Memorial
Institute); and B. Cone, An Analysis of Federal Incentives Used to Stimulate Energy Production
(1978) (PNL-2410 REV, Pacific Northwest Laboratory).
30. See Bezdek and Cone, Federal Incentivesfor Energy Development, 5 ENERGY-THE INT'L.
J. 380 (1980); Bezdek and Kannon, How Much Subsidies Should Solar Energy Receive? 7 ENERGY-THE INT'L. J. (1980); and Bezdek and Sparrow, Are Subsidies for Solar Energy Justified
on the Basis of Economic Efficiency? ENERGY POLICY (1981).
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velopment, enrichment plants, the Atomic Energy Commission, and the
Nuclear Regulatory Commission. Nuclear energy production in 1970,
after twenty years of subsidies totaling $10 billion, a period comparable
to the solar time frame considered here, was one quarter quad.
Federal subsidies for hydroelectricity between 1933 and 1977 totaled
$25 billion for tax-exempt power revenues, construction and operation
of dams, low-interest loans, and regulation of non-federal dams. Hydroelectricity currently represents 60 GWe of capacity and supplies 3.0
quads per year.
In terms of fossil-fuel energy replacement, hydro-electric power is at
present the largest solar energy technology. It is supported by a mature
industry with considerable federal assistance of approximately one billion
dollars in 1977, including prorated electricity subsidies. The other major
commercially viable technology use is that of biomass by industry. Almost
all of this occurs in the pulp and paper industry with the use of wood
residues.
New solar industries are beginning to establish commercial markets in
solar hot water and space heating systems, buildings designed with passive
solar systems, and small-scale wind machines. Currently, there are approximately 250,000 buildings with active solar thermal systems (including swimming pool heaters), about 90 percent of which are water
heating systems. The number of active systems is growing by the addition
of about 40,000 new systems per year. Passive solar design in new
buildings was used in an estimated 10,000 buildings in 1980 and is
doubling each year. Small-scale wind machines, a solar technology which
has had commercial success in the past, is making a comeback. There
are currently in use about 150,000 farm-type wind machines used primarily for water pumping. This figure is expected to grow at a rate of
3,000 per year. In addition, there are approximately 1500 wind generators
in place producing electricity, and about 300 are being added each year.
Solar energy related employment is expected to account for over one
million workers in the year 2000 in the base case, when 15 quads are
replaced by solar sources. This includes both direct solar employment
(e.g., solar manufacturers) and indirect employment (e.g., steel workers).
About one-third of the work force would be direct and two-thirds indirect.
With increased commercialization, this labor force is expected to increase
by 2000 to as many as two million workers if 25 quads are replaced by
solar energy.
Table 4 shows the number of solar energy systems estimated to be in
place in 1985, 1990, and 2000 in the base case and the accelerated
commercialization scenarios. Estimated annual sales by 2000 are projected to be $32 billion (1976 dollars) in the base case and almost $60
billion (1976 dollars) in the highest case. As an example of the level of
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market penetration by 2000, there are estimated to be about 10 million
active residential space and waterheating systems, nine million wind
energy conversion systems, and nine million residences with photovoltaic
systems.
For the most part, solar energy has positive long-run environmental
and health impacts. Unfortunately, the short-term environmental impacts
for solar energy may not be as benign. The manufacture and construction
of solar systems has a certain "front-end" environmental cost associated
with it very much paralleling the financial aspects of solar energy development. As with the financial criteria, the environmental "front-end"
cost is counter-balanced by a savings over the life of the system. In the
year of installation, there are several indirect environmental construction
costs residuals produced due to the manufacture of the solar systems.
Indirect construction residuals associated with the same capacity of an
alternative energy form (i.e., a coal fired electric power plant) are somewhat less than those associated with the solar energy system. In the year
of installation the solar system is thus a net pollution generator. The
manufacturing and installation of an average solar system results in an
additional two pounds of particulates and five pounds of SO2. The amounts
of biochemical oxygen demand (BOD), total suspended solids (TSS),
and nitrous oxides (NOx) decrease slightly. Following system start-up,
however, the solar system results in few further pollution residuals and
causes savings, or negative residuals. This is because of the replacement
of the process of continually burning fossil fuels over the life of the
system. The net savings are estimated to pay back the net residuals
generated from the manufacturing and installation within three years and
result in significant positive environmental impacts over the life of the
system. Since the number of systems installed increases dramatically just
prior to the year 2000, with the majority of systems built in the 1990s,
solar energy will probably still be a net pollution contributor by the turn
of the century and will continue to be a net pollution contributor until
the rate of market growth begins to stabilize. Beyond that point, solar
energy will provide significant environmental and health benefits to the
country.
The SEAS model calculates indirect construction residuals and direct
operating residuals for varying energy mixes and economic scenarios.
Based upon changes in energy mixes resulting from the increasing levels
of solar utilization projected in our analysis, a modest decrease is seen
in several pollutants on a national basis when compared with the base
case. These decreases are shown in Figure 6, and are to be compared
with 1975 levels of pollutants. 3
31. These environmental impacts are discussed in more detail in G. Bennington, supra note 5.
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FIGURE 6
The Impact of Increased Levels of Solar Energy on Selected Pollutants in
1975 and 2000
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The economic benefits derived from these reductions in pollutants are
extremely difficult to quantify. A preliminary analysis of the impact of
reduced pollution on the health of the population indicates that each
additional quad of solar energy used above the base case will result in
the long run in $10 to $15 billion in health-related benefits. An alternative
method of accounting for the economic benefit of reduced pollution is to
examine the reduction in pollution costs. On this basis, each additional
solar quad above the base case would save approximately $0.5 billion
between now and the year 2000. Although these attempts to quantify the
economic benefits of decreased pollution resulting from solar energy are
preliminary, they strongly indicate significant additional economic benefits from solar-related pollution abatement.
Use of renewable resources will help shape the nation's energy use
patterns. In 1980 the United States consumed approximately 80 quads of
energy, with oil comprising 47 percent and solar energy (mostly hydro
and biomass) providing only six percent. One possible scenario consistent
with a 20 percent solar goal assumes 95 quads of energy demand in the
year 2000, as illustrated in Table 3. This particular result would essentially
eliminate all oil imports, reduce the need for a massive coal utilization
program, and put solar energy on a footing with natural gas, oil, and
nuclear power. The last several years have amply illustrated the difficulties
in making energy projections, and many other energy-future projections
are plausible. Nonetheless, solar energy would add a major new source
to existing oil, gas, coal, and nuclear energy resources. The resulting
increased flexibility would be a major benefit in itself. The annual burden
for conventional U.S. energy production should be lower than today.
Since the 20 percent solar portion primarily represents an initial expenditure of capital, materials, and labor, its continuing needs for energy input
would be small (with the exception of biomass). Although total energy
demand would have increased by 12 percent, use of nonrenewable resources would remain approximately at today's level. This should help
the United States cope with the economic effects of future price increases
for nonrenewable energy resources as they are depleted. To the extent
that the United States makes a more rapid transition to renewables, it
should obtain a relative advantage in international trade.
However, while there are many benefits to increased development of
solar energy there are also many complex and difficult problems. A 20
percent solar goal by 2000 would mean 18 new quads of solar capacity
and would imply for the nation:
" More than a trillion dollars of capital investment in solar technologies within 20 years.
" Solar installations on one out of every two residential and commercial buildings in existence in year 2000.
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" Solar industrial process-heat applications for at least one out of
every seven factories by the same time.
" Allocation of 20 to 30 percent of U.S. gross private domestic
investment to solar energy development for the next 20 years.
" Successful development of energy single solar technology now in
the research and early development phase.
" Increased environmental degradation until at least the end of the
century.
The full implications of a 20 percent goal for the likely pool of available
investment capital have not been recognized. At present gross private
domestic investment in the United States totals approximately $150 to
$200 billions annually. To achieve a 20 percent solar goal may require
an investment in solar technologies of as much as 50 billion dollars a
year over the next two decades-that is, as much as perhaps one-third
of investment capital. This is especially sobering in view of the fact that
many economists view a shortage of investment capital in the 1980s and
1990s, even in the absence of any massive solar effort, as one of the
most potentially serious problems facing the nation. Indeed, it can be
argued that inadequate investment in the United States over the past two
decades has led to declining growth rates of productivity and contributed
greatly to our recent inflation problems.
Another problem is that, historically, the institutionalization of a new
energy source has required about 30 years and in previous instances the
new energy source enjoyed a clear economic advantage over the fuel
source being replaced--coal vs. wood, oil vs. coal, gas vs. oil.3 2 Solar
systems are capital and resource intensive. The benefits to the solar user
are spread over the lifetime of the system; thus, solar does not possess
the economic impetus historically enjoyed by other emerging energy
technologies to remove institutional barriers and develop the required
industrial infrastructure. The solar industry consists today of approximately 250 manufacturers with combined sales of approximately $200
million per year. It is weak because of the lack of demand for its products
and its exposure to a multitude of institutional barriers which make the
installation of even a simple solar hot water heater sometimes impossible.
Many companies are struggling to avoid bankruptcy, and some have
already lost the struggle. In short, not only has the gravity of the financial
and institutional problems involved in achieving a 20 percent solar goal
been underestimated, but the solar industry is in trouble.
32. The diffusion of emerging energy technologies is reviewed in J. D. ROESSNER, et al.,
APPLICATION OF DIFFUSION RESEARCH TO SOLAR ENERGY POLICY ISSUES (Solar
Energy Research Institute, SERI/TR-51-194, 1979).
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The problems associated with achieving a 20 percent solar goal should,
however, be viewed in the proper context. Although the required 18 quad
incremental solar capacity would cost a minimum of one trillion dollars,
the development of 18 quads of alternative energy sources--coal or nuclear power plants, for example-would also be extremely expensive,
costing in the range of $500 billion to $800 billion. And the development
of 18 incremental quads of solar capacity over the next 20 years would
have many important incidental benefits. It would result in a new 100billion-dollar-a-year industry (twice the present size of General Motors),
employing 1.7 million persons (including those in the manufacture of
steel, glass, insulation). Achievement of this goal also would result in
some significant long-run environmental benefits. There would be significant reductions in industrial sludge, sulfur dioxide, nitrogen oxide,
and carbon dioxide. Nuclear wastes could be reduced by as much as 330
metric tons per year and there would be a lessened risk of nuclear power
plant accidents or sabotage. In addition, our efforts toward international
nonproliferation of nuclear energy will have more consistency and credibility. And if the United States accelerates the development of solar
technologies and sets an example for other nations to follow, we will
have gone a considerable distance towards nuclear nonproliferation.
The one trillion dollar solar cost mentioned earlier does not take into
account many of the benefits involved. Among these are the value of the
conventional capacity displaced (approximately $400 billion) and the real
economic benefits derived from decreased oil and natural gas imports,
decreased occupational accidents, and the decreased probability of nuclear
accidents or sabotage and decreases in environmental degradation (totaling $300 billion). Considering these, the net cost of achieving a 20percent solar goal could be as low as $300 billion. Assuming the implementation of solar energy subsidies equivalent to $1.60/MBtu to assist
in achieving this goal-a level which can be justified on the basis of past
and current federal subsidization of fossil and nuclear energy-the federal
government's share of the cost would be approximately $100 billion over
the period 1980-2000.
Solar energy must be considered an alternative within our national
energy mix. The need for conventional backup, regional variation in
performance and resource availability, and certain technical limitations
preclude solar from completely replacing our need for oil, gas, coal, or
nuclear energy. There is considerable confusion and misinformation over
this fact. Even a major solar effort aimed at a 20 percent solar goal by
2000 will not preclude the need for new coal fired and nuclear power
plants in the next two decades, although fewer such plants will be required
than would be in the absence of such a solar initiative.
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V. SUMMARY AND CONCLUSIONS

Achieving ambitious solar energy goals will require a major national
commitment to resolve the obstacles hindering the commercialization of
solar technologies. By accelerating the utilization of solar energy, nonrenewable energy resources will be saved, the life-cycle cost of energy
demand will be reduced, and long-run pollution will be reduced. Accelerating the use of solar energy will result in several additional national
benefits not included in our total national cost analysis. These benefits
are in the areas of energy embargo protection, increased world stability,
and increased national security due to a more diverse and secure energy
supply.
Our dependence on imported gas and oil carries with it the potential
threat of a debilitating embargo. Following the 1973 oil embargo, the
rate of growth of GNP dropped sharply. Based on potential GNP, defined
as the output the economy could produce with existing technology under
conditions of high sustainable utilization, the cumulative loss in GNP for
the period 1974 through 1976 was $377 billion. 33 A large part of this loss
can be attributed to the oil embargo and the increase in energy prices that
followed.
A decrease in the use of depletable energy resources (especially oil)
by the United States will lessen the world pressures on energy resources
and prices. Commercialization of solar energy within the U.S. could
result in the increased use of solar technologies worldwide. This would
further decrease pressure on the world oil market as well as provide
economic advantages for this country through exports of solar technology
and solar equipment. Use of solar technology is especially appropriate
in developing countries which have not yet established a large centralized
energy infrastructure, and a healthy, viable solar industry in this country
may contribute to the energy needs of developing countries, further promoting world stability.
Development of a viable solar energy industry and requisite infrastructure indicates a U.S. commitment to solve its energy problems. As
oil and gas are displaced by diverse and decentralized solar energy technologies, U.S. national security will be improved and the nation will
enjoy greater flexibility in the design of foreign policy. Perhaps the most
important argument for the development of solar energy is the need for
a secure and readily available supply of energy to guarantee economic
growth through the end of the century and beyond.
It is especially important to recognize the long lead times (20-30 years)
required to develop new energy technologies. In the development of
33. See Bezdek and Kannon, supra note 30.
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commercial nuclear power, this long lead time was recognized and federal
assistance for the development of nuclear power set a powerful precedent
for the acceleration of the development of an energy technology. While
this lead time can be compressed by spending large sums of money, there
is inertia to be overcome because of the immense economic, social, and
political problems involved in shifting emphasis to a new energy source.
Yet the many advantages of rapid solar energy development should not
blind us to the economic and social costs which ambitious solar energy
goals entail. These constraints rarely have been the subject of objective
analysis. It may be true that a nation that runs on energy cannot afford
to run out, and surely solar and other renewable energy technologies will
play increasingly important roles in the years ahead. Precisely what role,
how soon and at what cost, however, is still not clear.

